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(57) An electric power steering apparatus for assist- 
ing steering by conferring torque generated by an elec- 
tric motor (M) to a steering mechanism (1). The appa- 
ratus includes: a correction table (24) created based on 
a result of actual measurement of torque rippie occur- 
ring when a predetermined reference current is supplied 
to the electric motor (M); a basic command value setting 
portion (21) for setting a basic command value (lb) ac- 
cording to a steering manipulation of a driver; a current 
command value setting portion (22, 23) forsetting a cur- 
rent command value (I) by correcting the basic com- 
mand value (lb) set by the basic command value setting 
portion (21) with reference to the correction table (24); 
and a motor current control portion (2) for controlling a 
current to be supplied to the electric motor (M) based 
on the current command value (I) set by the current com- 
mand value setting portion (22, 23). 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The invention relates to an electric power 
steering apparatus for assisting steering by conferring 
torque generated by an electric motor to a steering 
mechanism. 

DESCRIPTION OF RELATED ART 

[0002] Conventionally, an electric power steering ap- 
paratus that confers torque generated by an electric mo- 
tor to a steering mechanism has been employed to as- 
sist steering. Such a power steering apparatus uses a 
three-phase brushless motor as the electric motor and 
a sine-wave driving method for supplying sine-wave cur- 
rents of each phase to the electric motor is often adopted 
as a driving method for the three-phase brushless mo- 
tor. 

[0003] According to the sine-wave driving method, 
torque ripple of the electric motor hardly occurs when 
the waveform of an induced voltage shapes a sine wave. 
[0004] However, irregularities in arrangement among 
circuits for supplying currents of each phase to the elec- 
tric motor cause the waveform of the induced voltage to 
be deformed as a higher harmonic wave superimposes 
the sine wave. In particular, in a case where the electric 
motor is of a type that a permanent magnet is embedded 
in a rotor (so-called IPM motor), a distribution of mag- 
netic flux density forms a trapezoidal shape, and the 
waveform of the induced voltage is thereby deformed 
significantly. The deformation of the waveform of the in- 
duced voltage gives rise to torque ripple of the electric 
motor, and the torque ripple of the electric motor causes 
oscillation of the steering wheel, which impairs the steer- 
ing feeling. 

SUMMARY OF THE INVENTION 

[0005] An object of the invention is to provide an elec- 
tric power steering apparatus capable of suppressing 
the occurrence of torque ripple of the electric motor and 
thereby improving the steering feeling. 
[0006] An electric power steering apparatus of the in- 
vention is an electric power steering apparatus for as- 
sisting steering by conferring torque generated by an 
electric motor to a steering mechanism. The apparatus 
includes: a correction table created based on a result of 
actual measurement of torque ripple occurring when a 
predetermined reference current is supplied to the elec- 
tric motor; a basic command value setting portion for 
setting a basic command value according to a steering 
manipulation of a driver; a current command value set- 
ting portion for setting a current command value by cor- 
recting the basic command value set by the basic com- 



mand value setting portion with reference to the correc- 
tion table; and a motor current control portion for con- 
trolling a current to be supplied to the electric motor 
based on the current command value set by the current 
5 command value setting portion. 

[0007] According to the invention . the basic command 
value set according to a steering manipulation of a driver 
is corrected with reference to the correction table creat- 
ed based on the result of actual measurement of torque 

1Q ripple (in such a manner so as to suppress the occur- 
rence of torque ripple). The current command value is 
updated to the corrected value, according to which a val- 
ue of a current to be supplied to the electric motor is 
controlled. Consequently, it is possible to suppress the 

15 occurrence of torque ripple of the electric motor, and the 
satisfactory steering feeling can be thus achieved. 
[0008] The correction table may be a table that de- 
fines a correction ratio of the current command value 
with respect to a given rotational position of a rotor of 

20 the electric motor. 

[0009] In this case, the current command value set- 
ting portion may set, for example, a product of the basic 
command value set by the basic command value setting 
portion and the correction ratio read out from the cor- 

25 rection table to the current command value. Also, the 
current command value setting portion may include a 
correction value setting portion for setting a ripple cor- 
rection value by multiplying the basic command value 
set by the basic command value setting portion and a 

30 value of the correction ratio read out from the correction 
table in correspondence with the given rotational posi- 
tion of the rotor of the electric motor minus 1 , and an 
addition portion for adding the ripple correction value set 
by the correction value setting portion to the basic com- 

35 mand value set by the basic command value setting por- 
tion and outputting the sum as the current command val- 
ue. 

[0010] The above and other objects, features, and ad- 
vantages of the invention will become more apparent 
40 from the following description of embodiments with ref- 
erence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^5 [0011] 

Fig. 1 is a conceptual illustration showing a basic 
arrangement of an electric power steering appara- 
tus according to one embodiment of the invention; 
50 Fig. 2 is a block diagram for explaining the settings 

of a current command value; and 
Figs. 3(a) and 3(b) are diagrams for explaining a 
method of creating a correction table. 

55 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Fig. 1 is a conceptual illustration showing a ba- 
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sic arrangement of an electric power steering apparatus 
according to one embodiment of the invention. The elec- 
tric power steering apparatus is provided in association 
with a steering mechanism 1 of a vehicle, and is used 
to confer and transfer respectively a steering assisting 
force to the steering mechanism 1 . 
[0013] The steering mechanism 1 includes a steering 
wheel 11 manipulated by a driver, a steering shaft 12 
linked to the steering wheel 1 1 , a pinion gear 1 3 provid- 
ed at the front end of the steering shaft 12, and a rack 
bar 14 extending in the width direction of the vehicle. 
The rack bar 1 4 is provided with a rack gear portion 1 4a, 
which is meshed with the pinion gear 13. Also, wheels 
LW and RW used for steering are coupled respectively 
to the both ends of the rack bar 14 through tie rods and 
knuckle arms or the like (not shown), and a linear motion 
of the rack bar 1 4 in the width direction of the vehicle is 
converted to a rotary steering force of the wheels LW 
and RW by the lie rods and the knuckle arms or the like. 
[0014] According to this arrangement, rotations of the 
steering shaft 1 2 are converted to a linear motion of the 
rack bar 14 first by the pinion gear 1 3 and the rack gear 
portion 14a, then converted to a rotary steering force 
depending on a direction of the linear motion, and trans- 
mitted to the wheels LW and RW. 
[0015] The steering shaft 12 is divided into an input 
shaft 12A coupled to the steering wheel 11 and an output 
shaft 12B coupled to the rack bar 14. The input shaft 
12A and the output shaft 12B are linked to each other 
through a torsion bar 1 5 on which torsion is caused from 
relative rotations of these two shafts. The output shaft 
12B:is provided with a reduction mechanism 16 inter- 
posed somewhere about the midpoint, and a rotational 
force of an electric motor M is thereby inputted into the 
output shaft 12B as a steering assisting force through 
the reduction mechanism 16. 

[0016] The electric motor M is composed of a three- 
phase brushless motor, and sine-wave currents having 
predetermined phases relative to each other from an 
electronic control unit 2 are supplied thereto. Connected 
to the electronic control unit 2 are: a torque sensor 31 
for detecting a direction and magnitude of torsion 
caused on the torsion bar 15 as steering torque; a rotor 
rotational position sensor 32 for detecting a rotational 
position of a rotor (rotor rotational position) of the electric 
motor M; a motor current sensor 33 for detecting a cur- 
rent (motor current) flowing through the electric motor 
M; and a vehicle speed sensor34 for detecting a running 
speed (vehicle speed) of the vehicle on which the elec- 
tric power steering apparatus is mounted. The electronic 
control unit 2 sets a current command value based on 
the detection results from the torque sensor 31 , the rotor 
rotational position sensor 32, and the vehicle speed sen- 
sor 34, and effects feedback control on sine-wave cur- 
rents of each phase flowing through the electric motor 
M based on the current command value thus set and a 
value of the motor current detected by the motor current 
sensor 33. 



[0017] Fig. 2 is a block diagram for explaining the set- 
tings of the current command value by the electronic 
control unit 2. The electronic control unit 2 includes a 
microcomputer, and a current command value I depend- 
5 ing on the value of a current to be supplied to the electric 
motor M is set by running a program on the microcom- 
puter. 

[001 8] To be more specific, the electronic control unit 
2 practically includes a basic command value setting 
10 portion 21 for setting a basic command value lb depend- 
ing on the steering torque detected by thetorque sensor 
31 and a vehicle speed detected by the vehicle speed 
sensor 34 ; a ripple correction value setting portion 22 
for setting a ripple correction value Al used to reduce 

*5 torque ripple of the electric motor M, and an addition 
portion 23 for adding the basic command value lb set 
by the basic command value setting portion 21 and the 
ripple correction value Al set by the ripple correction val- 
ue setting portion 22 and outpulling the sum as the cur- 

20 rent command value I. 

[0019] The basic command value setting portion 21 
designates a minute range including zero as a dead 
zone, for example, and for the steering torque outside 
of the dead zone, it sets a larger value to the basic com- 

25 mand value lb as the steering torque becomes larger. 
Also, it sets a larger value to the basic command value 
lb as the vehicle speed becomes lower. The value of the 
wave height of the sine-wave cu rrent flowing through the 
electric motor M thus becomes larger as the steering 

30 torque detected by the torque sensor31 becomes larger 
or the vehicle speed detected by the vehicle speed sen- 
sor 34 becomes lower, which allows the electric motor 
M to produce a large steering assisting force. 
[0020] The ripple correction value setting portion 22 

35 is arranged to receive an output value from a correction 
table 24. The correction table 24 defines correction ra- 
tios a of the current command value with respect to giv- 
en rotor rotational positions, and is created based on the 
result of actual measurement of torque ripple occurring 

40 when predetermined reference currents of each phase 
are supplied to the electric motor M. In other words, in 
order to create the correction table 24, a waveform of 
torque ripple in one cycle of electrical angle (one rotation 
of the rotor) is measured actually, and a mean value of 

45 torque ripple is obtained from this actually measured 
waveform of torque ripple. Further, a ratio a (= mean 
value of torque ripple/value of torque ripple) of the mean 
value of torque ripple to a value of torque ripple at each 
rotor rotational position is calculated, and each calculat- 

50 ed ratio a is stored into a memory in a one-to-one cor- 
respondence with the rotor rotational position. The cor- 
rection table 24 is thus created. For example, when the 
obtained result of actual measurement is the waveform 
of torque ripple as shown in Fig. 3 (a), then a rotor rota- 

55 tional position versus correction ratio characteristic as 
shown in Fig. 3(b) is obtained. The correction table 24 
is a table created by storing such a characteristic into a 
memory in a form of a table. 
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[0021] The rotor rotational position sensor 32 detects 
a rotor rotational position at the same timing as the de- 
tection timing of the torque sensor 31 and the vehicle 
speed sensor 34. A correction ratio a corresponding to 
the detected rotor rotational position is read out from the 5 
correction table 24 and inputted into the ripple correction 
value setting portion 22. Then, the ripple correction val- 
ue setting portion 22 calculates a ripple correction value 
Al based on the input correction ratio a and the basic 
command value lb set by the basic command value set- 10 
ting portion 21 . In other words, the ripple correction val- 
ue setting portion 22 calculates the ripple correction val- 
ue Al according to Equation (t) as follows : 

A I = (Ib/lbmax) x (a - 1) x Ibmax 

= lb(a-1) (1) 

where Ibmax is the maximum value of the basic com- 20 
mand value lb. 

[0022] The basic command value lb and the ripple 
correction value Al set in this manner are added in the 
addition portion 23, and the current command value I = 
lb 4- Al is thus set. 25 
[0023] Because the ripple correction value Al is ex- 
pressed by Equation (1) described above, the current 
command value I is expressed as: 

30 

l = !b + lb x (ot-1) = !b x a 

I n other words, the product of the basic command value 
lb set by the basic command value setting portion 21 
and the correction ratio a read out from the correction 35 
table 24 is set to the current command value I. The cor- 
rection ratio a takes a smaller value as the value of 
torque ripple becomes larger, or takes a larger value as 
the value of torque ripple becomes smaller. Hence, the 
current command value I set by multiplying the basic 40 
command value lb and the correction ratio a is set to a 
smaller value at a rotor rotational position where torque 
ripple takes a larger value, and to a larger value at a 
rotor rotational position where torque ripple takes a 
smaller value. Consequently, by controlling a driving 45 
current of the electric motor M based on the current com- 
mand value I, it is possible to suppress the occurrence 
of torque ripple of the electric motor M, and the satisfac- 
tory steering feeling can be thus achieved. 
[0024] The above description has described one em- so 
bodiment of the invention. It should be appreciated, 
however, that the invention can be implemented in any 
other embodiment. For example, in the embodiment de- 
scribed above, the current command value I is set by 
adding the basic command value lb set by the basic 55 
command value setting portion 21 and the ripple correc- 
tion value Al set by the ripple correction value setting 
portion 22. However, a multiplication portion may be pro- 



vided instead of the ripple correction value setting por- 
tion 22 and the addition portion 23, so that the current 
command value I is set by multiplying the basic com- 
mand value lb set by the basic command value setting 
portion 21 and the correction ratio a read out from the 
correction table 24 in the multiplication portion. 
[0025] Also, in the embodiment described above, the 
correction table 24 is a table created by calculating the 
ratio a of the mean value of torque ripple to the value of 
torque ripple at each rotor rotational position, and by 
storing each calculated ratio a into the memory in a one- 
to-one correspondence with the rotor rotational position. 
However, it may be a table created by calculating the 
product of multiplying a value of the correction ratio a of 
the current command value with respect to each rotor 
rotational position minus 1 and the maximum value Ib- 
max of the basic command value lb, and by storing each 
product into the memory in a one-to-one correspond- 
ence with the rotor rotational position. In short, the cor- 
rection table 24 may define the relationship of (u-1) x 
Ibmax with respect to a given rotor rotational position. 
In this case, the ripple correction value setting portion 
22 calculates the ripple correction value Al by merely 
multiplying the value read out from the correction table 
24 and the quotient of the basic command value lb di- 
vided by the maximum value Ibmax. The calculation 
contents in the ripple correction value setting portion 22 
can be thus simplified. 

[0026] The foregoing description has described em- 
bodiments of the invention in detail. It should be appre- 
ciated, however, that these embodiments represent ex- 
amples to provide clear understanding of the technical 
contents of the invention, and the invention is not limited 
to these examples. The sprit and the scope of the inven- 
tion, therefore, are limited solely by the scope of the ap- 
pended claims. 

[0027] The present application corresponds to Japa- 
nese Patent Application No. 2001-339896 filed with the 
Japan Patent Office on Novembers, 2001 , the contents 
of which are hereby incorporated by reference. 



Claims 

1. An electric power steering apparatus for assisting 
steering by transferring torque generated by an 
electric motor (M) to a steering mechanism (1), the 
apparatus comprising: 

a correction table (24) created based on a result 
of actual measurement of torque ripple occur- 
ring when a predetermined reference current is 
supplied to the electric motor (M); 
a basic command value setting portion (21) for 
setting a basic command value (lb) according 
to a steering manipulation of a driver; 
a current command value setting portion (22, 
23) for setting a current command value (I) by 
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correcting the basic command value (lb) set by 
the basic command value setting portion (21) 
with reference to the correction table (24); and 
a motor current control portion (2) for control- 
ling a current to be supplied to the electric motor 5 
(M) based on the current command value (I) set 
by the current command value setting portion 
(22, 23). 

2. The electric power steering apparatus according to 10 
claim 1, wherein the correction table (24) defines a 
correction ratio (a) of the current command value 

(I) with respect to a given rotational position of a ro- 
tor of the electric motor (M). 

15 

3. The electric power steering apparatus according to 
claim 2, wherein the current command value setting 
portion (22, 23) sets a product (lb x a) of the basic 
command value (lb) set by the basic command val- 
ue setting portion (21) and the correction ration (u) 20 
read out from the correction table (24) to the current 
command value (I). 

4. The electric power steering apparatus according to 
claim 2, wherein the current command value setting 25 
portion (22, 23) includes: 

a correction value setting portion (22) for set- 
ting a ripple correction value (Al) by multiplying 
the basic command value (lb) set by the basic 30 
command value setting portion (21 ) and a value 
(a - 1) of the correction ratio (a) minus 1, the 
correction ratio (a) being read out from the cor- 
rection table (24) in correspondence with the 
given rotational position of the rotor of the elec- 35 
trie motor (M); and 

an addition portion (23) for adding the ripple 
correction value set by the correction value set- 
ting portion (22) to the basic command value 
(lb) set by the basic command value setting 40 
portion (21) and outputting a sum (lb + Al) as 
the current command value (I). 
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(54) Electric power steering apparatus 

(57) An electric power steering apparatus for assist- 
ing steering by conferring torque generated by an elec- 
tric motor (M) to a steering mechanism (1). The appa- 
ratus includes: a correction table (24) created based on 
a result of actual measurement of torque ripple occur- 
ring when a predetermined reference current is supplied 
to the electric motor (M); a basic command value setting 
portion (21) for setting a basic command value (lb) ac- 
cording to a steering manipulation of a driver; a current 
command value setting portion (22, 23) for setting a cur- 
rent command value (I) by correcting the basic com- 
mand value (lb) set by the basic command value setting 
portion (21) with reference to the correction table (24); 
and a motor current control portion (2) for controlling a 
current to be supplied to the electric motor (M) based 
on the current command value (I) set by the current com- 
mand value setting portion (22, 23). 
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